Abstract Escherichia coli O157:H7 and Salmonella are pathogenic microorganisms that can cause severe gastrointestinal illness in humans. These pathogens may be transmitted in a variety of ways, including food and water. The presence of Salmonella and E. coli O157:H7 in surface waters constitutes a potential threat to human health when used for either drinking or recreation. As with most waterborne pathogens, Salmonella and E. coli O157:H7 are difficult to detect and enumerate with accuracy in surface waters due to methodological limitations. The aim of this study was to develop a protocol for the detection of Salmonella spp., E. coli O157:H7 and E. coli virulence genes (stx 1 , stx 2 and eae) in water using a single enrichment step and PCR. In spiked water samples, PCR results showed high sensitivity (<3 CFU/L) for both microorganisms. The protocol developed in this study has been applied S. Bonetta · S. Bonetta · E. Carraro (B) Dipartimento di Scienze dell'Ambiente e della Vita, Università degli Studi del Piemonte Orientale "A. Avogadro", via T. Michel 11, 15121, Alessandria, Italy e-mail: elisabetta.carraro@mfn.unipmn.it E. Borelli · O. Conio · F. Palumbo Laboratori Iride Acqua Gas Srl, via Piacenza 54, 16138, Genova, Italy in different surface waters in association with microbiological and physical analysis. The frequency of PCR positive samples was 33% for Salmonella and 2% for E. coli O157:H7 producing intimin (eae) and Shiga-like toxin I (stx 1 ). Moreover, the finding of amplicons corresponding to eae and stx 1 genes in the absence of E. coli O157:H7 suggested the possible presence of other pathogenic bacteria that carry these genes (e.g. EHEC, Shigella strains). The results obtained showed that the developed protocol could be applied as a routine analysis of surface water for the evaluation of microbiological risks.
Introduction
Faecal contamination is one of the sources of environmental bacterial contamination, and it is responsible for the presence of pathogens in natural environments. Human pathogens of enteric origin are, therefore, a potential contamination risk transmitted through soil, agriculture, water or sediments (Marucci et al. 2010) . In this context, Salmonella spp. and Escherichia coli O157:H7 represent two important pathogens. E. coli O157:H7 has emerged as a serious gastrointestinal pathogen in many countries. Although the predominant mode of its transmission to humans is via consumption of contaminated meat and other food, waterborne outbreaks have also been documented (Avery et al. 2008) . Waterborne transmission of E. coli O157:H7 has been reported from both recreational water and contaminated drinking water (Hrudey and Hrudey 2004; Nwachuku and Gerba 2008) . One of the most serious outbreaks of E. coli O157:H7 occurred in the water supply system of the small farming community of Walkerton, Ontario Canada, in May 2000, when six people died and more than 2.000 people fell ill (Hrudey et al. 2003) . The epidemiologic research investigation identified drinking water as the culprit in this outbreak; possible explanations include that the water network could have been contaminated by surface waters, particularly during flood periods (Bertrand et al. 2007 ). Salmonellosis, one of the most important causes of acute enterocolitis due to contaminated foods, is one of the major public health problems in Europe, with a total of 131.468 confirmed cases reported in 2008 (EFSA 2010). Many serovars of Salmonella have been isolated in natural environments, contaminated by human and animal faeces, particularly in river waters, estuarine waters and seawaters (Ahmed et al. 2009; Touron et al. 2005) .
It is important to note that the presence of pathogenic enteric microorganisms in surface waters, including Salmonella and E. coli O157:H7, constitutes a potential threat to human health both for their drinking or recreational use. Currently, standard guidelines based upon microbial indicator concentrations (e.g. thermotolerant coliforms and enterococci) are used to protect the environment and prevent exposure of the public to pathogenic microorganisms. However, there are no established correlations between the prevalence and concentration of these faecal contamination "indicators" and specific pathogens, including E. coli O157:H7 and Salmonella (Duris et al. 2009; Sugumar et al. 2008; Lemarchand et al. 2003) . In this context, the research of these specific pathogens is a matter of increasing importance regarding the safety and protection of drinking water sources. On the other hand, as with most waterborne pathogens, Salmonella and E. coli O157:H7 are difficult to detect and enumerate with accuracy in surface waters due to methodological limitations. The low concentration of these organisms in surface water and the high cost and effort of the current detection technologies are particularly problematic.
The use of polymerase chain reaction (PCR) has become increasingly popular as an elective method to detect different pathogens in a great variety of samples. The PCR assay can detect minute amounts of specific DNA; however, this sensitivity can be influenced by physical dilution in aquatic environments and may result in pathogens escaping detection. Frequently, a pre-enrichment of samples is necessary to lower the detection limit and dilute any inhibitory substances present in the samples (Moganedi et al. 2007 ). Moreover, a preliminary enrichment step before gene amplification affords the advantage of exclusively detecting recoverable forms, and ruling out, from the analysis a priori, the detection of dead bacteria or free DNA from lysed bacteria (Touron et al. 2005) . Detection limits using molecular methods such as PCR associated with an enrichment step may be lower when compared with conventional growth-based assays; these molecular methods also have the advantage of increased specificity (Feder et al. 2001) . Achieving low detection limits in any environmental pathogen assay is of paramount importance, especially in water samples, where the presence of a single organism may result in human illness (Thompson et al. 2006) .
The aim of this study was to develop a protocol for the detection of Salmonella spp., E. coli O157:H7 and E. coli virulence genes (stx 1 , stx 2 and eae) in water using a single enrichment step and PCR. This protocol was applied to the detection of these pathogens in different surface waters.
Materials and methods
Bacterial strains and culture media E. coli O157:H7 strain NCTC 129 (non-toxigenic strain) and Salmonella typhimurium ATCC 14028 (Oxoid) were used throughout this study. The strains were cultivated on tryptic soy agar (Applichem, TSA) or in tryptic soy broth (Applichem) at 37
• C.
